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23.   An efficiency number Kfi defined in reference (d) was 

calculated and the results tabulated on Plate 15. For combinations of 
two plates not parallel,; the obliquity, 6, was taken to be the 

~"7~  orientation" of the ^econd plate with respect to the trajectory of the 
projectile. The-,thickness of the first plate__was resolved into an 

.  equivalent weight thickness parallel to the second plate in computing 
.total weight thickness, ej_,. for the calculation ,of Kg•-. The formulas 

used are: —T       ■-. ' \ 

K = (57,000/Fi)* 

: 
2_ SL.-.v2 cos2 e (dA,) 

d3 
*J&%fc$' 

\— 

S 

--—§?", 

whore (m/d^)' is the mass.divided by the diameter cubed of the dart in 
pounds.per cubic foot,- V is the limit velocity in feet per -second, 
Kp is the ratio of the weight of an armor structure tö the weight .of 

STS which gives equal protection at the same obliquity. For simplicity-- 
F(e7d, -0) is taken.tc have the constant value, 57,000, for 3TS armor. 

\   2l. Tests 1 and 2 dispose of the feasibility'of using a grating 
to stop completely1 a projectile Jj-'Tests. 3, 5, -6, 7, 8, and 11 are ■. 
-designed, to resemble possible impact conditions in which a light 
grating1 it' used to tumble and deferr, the projectile.  Test L  demonstrate; 
rhe efficiency-'of a flat Duralumin' plate, for tumbling the projectile.' 
Tests 9"and 10 -ire divided armor arrangements.  The first plate Is in 
one case p.  gracing and in the (other case a solid plate, of equivalent 
jwei'fht.  The efficiency numbers could have been'made better by using 
second plates of hard bullet-proof armor rather.than, of STS. However, 

—fop purposes of comparison, e large supply of. rather uniform material , 
was» needed and was available only in/the soft "type armor plate. 

CONCLUSIONS 
./ H 

1 

15.   Tests of several thicknesse! of STS armor plute and of" T  ' S* Duralumin plates :,how that limit, velocities Increase about five -times 
as fast with angle of yaw of the bullet as with angle of obliquity of,'-L~ -. 
the armor plate. Unlike:STS plate for which the merit coefficient  I 
remains about constant, har.a bullet-proof plate shows a G-an-siderable ___ 
-merit coefficient «increase^ with/angle of obliquity, but the percentage 
change in ltr.it velocity.„Kith yaw is no greater than that for STS plate. 
Thus limit velocities for hard arrnox^plateif increase with angle of yaw 
about once to twice as fast as with angle of obliquity. 

" - -\      '" ' < 
26.   Samples of 17 ST Duralumin, STS armor, and hard homogeneous 

a^mor had comparable yaw effects upon penetration. "'One sample of STS 
armor hardened to Brine11 370 showed the largest rate of increase of ' 
limit, velocity with'angle of yaw,'.213 per "c"bnt. ' The b«.Üavior of 
hardened STS armor was also found to be, exceptional in previous t^sts 
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ETFECT OF YAW UPON PENETRATION AT NORMAL INCIDENCE. 

Material 

17 ST Dumliarn 

17 ST n»T.T,^r 

17 ffT Thirnlmln 

17 ST Duralumin 

STS Armor 

ST§ teJBE 
STS Armor 

STS Amor (hardened to Br°lnell 370] 

Dlsaton Homogeneous Armor* 

Dlsaton Homogeneous Armor» 

Die a ton Homogeneous Amor 

Dlebold Face-hardened Armor 

Face-hardened Armor** 

-—.a» 

—r—— 
SB. "   . , 

Thick- 
ness 

0.352" 

0.704« 

1.052' 

1.405* 

0-123« 

P.Mt6" 

0.50« 

0.37" 

0.127" 

0.25« 

0.50* 

0.25' 

1/4' 

Limit 
Velocity 

1100 

1615 

2020 

2460 

_22Q_ 

Uli 
2160 

1980 

1020 

1615 

2600 

2000 

2110 

V 

Per Cent 
Increase of 
Limit per- 
Degree Yaw . 

0r?5 

1.4 

1.4 

1.0 

J-5- 

1.6 

1.2 

2.3 

1.2 

ur 
1.3 

0.6 
-!_,„ 

^7_ 

Eerlt 
Coefficient 
at Zero Yaw 

57.000 

59,000 

60,400 

63.500 

51.000 

■tf.QQQ. 

56.000 

59.000 .1- 

52.000 

«M^OO 

67.000 

71.700 

< 77.000 

*  Ground down from 1/2". Other Disston plates rolled to size show F coefficients 
above 67,000. # ~  ™ 

** Measured at Aberdeen Proving Ground. This plate may have been us-''thick as 
0.26-5". " \-' ■ • - . 
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Si »Urm 

17 ST Durml 

IT ST Dur»l 

17 ST Dural 

13. 

O.M 

o.w 

0.20* 

0.25 

0.09« 

O.Oi« 

0.1« 

0.» 

o /' 

.V. 

0.1S5 

0.1« 

0.10* 

0.080 

0.0<K o./c*      o.to 

O.M« 

•V- 

Oblloult 

nut 
■sati 

JO» 

JO» 

30* 

TO» 

1/»" Dural shMi elHpid 
Ualnat task of (ratInt. 

. 
l/t> Dural «nut clamp.» 
atainat back of plat«. 

.27* STS plat* at 
6" bahinu Dural. 

.27* STS pl.t« «t 
6" b.hli«l Dural. 

.;7- STS" plat« at normal 
6' bahlBd Dural. 

• 293" STS plata at normal 
6* bthlnd Du.-i.l'. 

« 

1 ! ' 
o.jjo \~~~mt 

0.2» 

0.398 

O.JM 

Limit 
TjljcU^ 

1.35 

1.00 

0.69 

.51» STS plat«  at normal 
6- bahlnO Durml. 

293» STS plat« at normal 
6» »»hind Dural.  . 

.;i»»~STjrpli,t» it -<o», 
1-V<t* bahlnd eratlne. 

.233» 8T8 plat, »t 30», 
1-3/»* tohlmd thin Flat«. 

.26* STS plat« at normal 
6* tehin» err tint. 

;26* f»c*-bmrd»n»d armor 
at normal 23*  bahlnd Dural. 
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